ABSTRACT
INTRODUCTION
Dental materials and restorative protocols have being modified over the years mainly as a result of technological advances. Direct resin composites are the main focus recently. These advanced techniques might lead to improved longevity and durability of restorations.
Within the adhesive techniques, the longevity of hybrid layer has been widely questioned as a consequence of hydrolysis of the adhesive interface over time. [1] [2] [3] This fact might be a consequence of incomplete infiltration of adhesives and/or exposure of remaining collagen fibrils. 4, 5 Alternatives are proposed and studied to solve this problem. A method that involves the combination of acid etching of dentin surface and the application of sodium hypochlorite (NaOCI) has been studied. [6] [7] [8] [9] The decalcification protocol of dentin surface led to a more porous dentin, while the application of NaOCl removes the exposed collagen fibrils. The action of NaOCI on collagen removal is well determined in the literature due to its known nonspecific proteolytic activity. 7 
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The whole process results in widened dentinal tubules with no exposed collagen. Dentin surface after this treatment resembles demineralized enamel surface. 10 This technique is important as the presence of exposed collagen results in a more sensitive bonding procedure, once excessive drying or excessive humidity might compromise the hybrid layer formation, 11 and also might be related to the weak bonding strength observed over time, probably due to the hydrolysis of the collagen and consequent bonding failure. For these reasons, the dentin treatment with NaOCl is believed to improve the longevity of the bonding interface as this interface is based on mineral content and on little or no organic component. 8 There are data to support this procedure at a short period of evaluation, 7, 12, 13 while almost no data are available to determine if this approach might bring advantages in comparison to the conventional methodology over periods of time. Moreover, reports in the literature show influence on bond strength according to the type of the adhesive used in association with the deproteinization protocol. 6 Therefore, this laboratory study aimed to evaluate in vitro the influence of collagen removal with 10% NaOCI on the bond strength to dentin as a function of storage time and type of adhesive system.
The tested hypotheses were (1) that no influence on shear bond strength (SBS) would be detected between the use of deproteinization technique and the conventional method, (2) no influence on time would be detected, and (3) the adhesives would behave similarly in relation to bond strength.
MATERIALS AND METHODS
Seventy-two extracted human molars were cleaned and stored in distilled water, and kept at -18°C prior to use. The materials used are presented in Table 1 . The roots were removed using a low-speed cutting machine (Labcut 1010 -Extec Corp., Enfield, CT, USA). Crowns were sectioned along the mesiodistal axial plane (LabCut 1010) into buccal and lingual sections. Teeth sections were embedded in acrylic resin, and enamel was ground using 80-grit silicon carbide abrasive paper (3M ESPE, St. Paul, MN, USA), adapted to a plaster cutting machine under water cooling to avoid overwarming. The remaining dentin thickness was standardized to 2 mm (± 0.1 mm) with the aid of a digital caliper. The smear layer of the dentin surfaces was standardized using the sequence of 320, 400, and 600 grit abrasive papers under water cooling in a polishing machine (Struers DP-I0, São Paulo, Brazil).
The dentin bonding area was standardized in 3 mm diameter by means of a Teflon adhesive tape presenting a circular opening.
The specimens were divided into six groups, each consisting of 12 teeth (24 sections), according to the adhesive system and dentin treatment ( Table 2) . Dentin was etched for 15 seconds with 35% phosphoric acid prior to adhesive application. The adhesive procedures were performed in accordance with the manufacturer's specifications. The NaOCI solution was applied in groups 4 and 6 after the acid etching step and prior to adhesive application. After 60 seconds, the NaOCl solution was rinsed off and dentin surface was kept humid for adhesive application.
Resin composite buildup area and volume (3 mm in diameter and 4 mm high) were standardized using a prefabricated metallic device orifice over the dentintreated surface. The resin composite was inserted using the incremental technique and light cured with an XL 3000 (3M ESPE) at 500 mW/cm 2 , assessed by means of a radiometer. The specimens were light cured for an additional 40 seconds after removing the metallic device. Each group was randomly subdivided into half for the 24-hour and 1-year shear bond evaluation. The specimens were immersed in distilled water at room temperature and stored at 37°C for 24 hours or 1 year. Distilled water was changed weekly for the 1-year interval groups.
The specimens were submitted to SBS test in a universal test machine (DL-l 000, EMIC, São José dos Pinhais, PR, Brazil) at 1 mm/min crosshead speed, under a knifeedge load, in accordance with ISO TR 11405 standards. The SBS value was assessed in MPa.
The fracture specimens were submitted to optic microscopy analysis (Stemi 2000C, Carl Zeiss, Thomwood, NY, USA) and classified into four types of fracture: Cohesive fracture in resin composite, predominantly (equal or more than 75%) within resin composite (type 1), cohesive fracture in dentin, predominantly (equal or more than 75%) within dentin (type 2), adhesive fracture, predominantly at the dentin/adhesive or adhesive/resin interface (type 3), and mixed fracture, a combination of cohesive and adhesive fractures with no predominance (type 4).
Data were submitted to three-way analysis of variance (ANOVA; factors: Type of adhesive, storage interval, and deproteinization protocol) and Tukey's test, both at 5% level of significance.
RESULTS
According to analysis of variance (ANOVA), the type of adhesive did not influence the SBS results (p = 0.1958), while both the use of the deproteinization protocol and the storage interval did (p < 0.001).
The obtained mean values for the shear bond testing and standard deviations are listed in Table 3 . The homogeneous groups determined by Tukey's test are presented in Table 4 .
Group 5 (Prime and Bond with 10% NaOCl, 24 hours water storage) showed the highest SBS mean values. Groups receiving no deproteinization protocol with storage interval of 1 year (G1, G2, and G3 at 1 year) presented the worst SBS values. On the contrary, groups receiving the deproteinization protocol with the same interval (1 year) presented higher SBS values.
The type of fracture detected under microscopy for each group is listed in Table 5 . The adhesive and mixed fractures were the only detected types of fracture.
DISCUSSION
The first and second hypotheses were rejected as differences were detected. The third hypothesis, related to adhesive type, was accepted as no influence of adhesive type on the SBS to deproteinized dentin was observed.
The longevity of hybrid layer within esthetic restorations is critical as this layer undergoes hydrolysis over time due to the presence of collagen fibrils 14 and also the presence of hydrophilic resin monomers. The longterm adhesion to dentin is still questionable, 15 thus the importance of improvements and developing/testing new procedures is required. The use of dentin deproteinization has been reported and the literature on the bond strength of collagen-depleted dentin is conflicting. While some reports show no negative influence of the deproteinization process on SBS, 6, 8, 13 others do. 7, 12 This divergence might be attributed to differences on methodology of several studies, mainly regarding the protocol of application of adhesive systems or the concentration of NaOCl solution used. 16 Our results detected positive influence of deproteinization protocol on the SBS over time in comparison to nondeproteinized dentin groups. While no statistical differences on SBS were detected over time for the deproteinization process, the nondeproteinized dentin groups resulted in statistical SBS decrease over time.
The presence of residual reactive free radicals in deproteinized dentin, 6 ,17 which present oxidizing potential and possible influence on the polymerization of monomers of dental adhesives, 15, 18 might have played a role in the previously reported data, especially when using extended NaOCl application protocols. The residues from NaOCI treatment, mainly oxidant components, might not have been present in our study, as the deproteinization treatment positively influenced the SBS results compared with nondeproteinized groups. The use of the wet bonding technique in the present study might also have played a role on the SBS of deproteinized groups, as this technique is reported not to influence the adhesion to deproteinized dentin. 19 The application time is also reported to negatively influence the bond strength to deproteinized dentin. 20 The longer the NaOCl application time, the smaller the bond strength. Our results, although using long NaOCl treatment protocol, were not negatively influenced by the deproteinization in both evaluated periods, contradicting previously reported studies. 7, 18 Another important factor present in our study is the variable storage time. Over time, it is known that the hydrolysis of hybrid layer takes place, 21 as possibly detected in Table 1 with groups not receiving the deproteinization protocol. On the contrary, no influence over time on SBS for groups receiving the deproteinization protocol was detected (Table 1) . 12 This fact might be explained by the lack/absence of hybrid layer formed in dentin receiving deproteinization protocols. This possible lack of conventional hybrid layer positively influenced the results of deproteinized dentin over time, once bond strength is not influenced by collagen hydrolysis, as collagen is not present. Deproteinized dentin surface is highly mineralized and rough, resembling enamel. 10 The positive influence of the tested protocol might also result from facilitated monomer diffusion. 22 Results after 6 months of water storage revealed smaller SBS values in comparison to immediate results. 12 The layer formed in deproteinized dentin is frequently named reverse hybrid layer.
The influence of dentin depth and type of adhesive has also been studied. Dentin depth has been reported not to influence the results of SBS when deproteinization treatment was performed. 6, 8 Although not assessed, dentin specimens' depth was standardized in our study in order to avoid any bias. It also seems that the influence of deproteinization on dentin SBS is material dependent. 6 The use of acetone over deproteinized dentin is reported not to influence the SBS. 6 On the contrary, the use of self-etching adhesives is reported to negatively influence the bond strength when associated with deproteinization protocol and over time. 13 The concentration of solvents of adhesive systems is also reported to influence the bond strength to deproteinized dentin. 19 The influence of monomer and composition of dental adhesives on bond strength of deproteinized dentin is not fully understood, thus more studies are required to understand the process. Our study is in agreement with these observations as no influence of adhesive type was detected. The type of fractures detected after 24 hours and 1 year of assessment was similar. No cohesive fracture, either in dentin or in resin, was detected. The use of NaOCl solution did not influence the type of fracture as all fractures were at the interface or mixed fractures.
CONCLUSION
It was concluded that the dentin deproteinization treatment with 10% NaOCl influenced the SBS compared with conventional treatment. The decrease in bond strength after 1 year was not significant for groups receiving the deproteinization protocol, a fact not detected within the other groups in which SBS drop was significant, except for the Prime and Bond groups.
